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FIELD OF THE INVENTION 
^ This invention relate^ pen-type injectors for injecting 

medications or other injectable substances and, in particular 
embodiments, a pen-type injector for injecting insulin. In 
10 preferred embodiments, the pen-type injector utilizes a 

microprocessor to record injection information and a monitor to 
measure blood characteristics. Further embodiments of the 
^ invention also relate to blood characteristic monitors that are 

incorporated into wrist watches. 

15 

BACKGROUND OF THE INVENTION 

Home treatment methods for the control and management of 
various diseases are becoming more popular. For instance, high 
20 success rvatep for treatment of diabetes have been achieved when 
^ ^ the- diabot ie controls the disease by self-testing blood glucose 

levels and administering a correct dose of insulin. The doctor 
works with the patient to determine the best regimen of diet, 
exercise, and insulin dose to maintain a target blood glucose 
25 level. 

Between doctor's office visits, the patient is responsible 
for carrying out the prescribed regimen, which includes frequent 
blood testing and insulin administration using a syringe, 
needleless injector, pen-type injector or insulin pump. The 
30 patient and doctor select a blood glucose monitor based on 

desired monitor features, suitability for the patient, perceived 
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accuracy, and ease of use. 

Home diabetes therapy requires personal discipline of the 
user, is time consuming, requires an appropriate location, and 
the proper instruments and accessories. Therefore, it is highly 
desirable that the home therapy regimen cause minimal 
inconvenience and changes in the patient's lifestyle. Many past 
therapy regimens and devices have failed to provide the 
convenience and minimum changes to the patient's lifestyle, and 
thus the compliance with the medical regimens have been less than 
satisfactory. 

Traditionally, for out-patient and in-home patient care, ^^^r 
medigati/jn has been injected by a syringe, wherein the user has^ 
^inaSree* the needle of the syringe into a separate ^medi^^ipi^ ^bJLci/juJi 
vial to withdraw medication. Once the medicationit^s--w^ 



/irnaraw meaica'cion. unce tne meaxcaT^ionw ] 
the ^user^ g o m o v od airububbles and extra medication, and then 
j>nfected the medication. 



A 

Typical syringes suffer from many drawbacks. For instance, 
they may not be preloaded with medication; thus, requiring the 
user to carry a separate medication vial. Moreover, people with 
dexterity disorders often have difficulty lining up the needle 
portion of the syringe with the rubber septum on the medication 
vial. This can lead to unintentional needle pricks or excessive 
time being required to complete an injection, both of which tend 
to inhibit compliance with a medical regimen. Also, it is often 
difficult for children or people with failing eyesight to line up 
the medication with the proper dosage line on the outer casing of 
the syringe. Furthermore, the user of the syringe is typically 
responsible for manually recording the date, the time and the 
dosage in a separate log book so that the doctor can monitor the 
user's compliance with the prescribed medical regimen. 

Another drawback to the traditional syringe is that a 
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syringe is difficult to use in public places. For instance, many 
schools do not allow students to carry syringes. This 
prohibition against syringes can cause excessive delays between 
injections, and thus could complicate a user's medical condition. 
5 Moreover, there is also a social stigma attached to using a 
syringe, since it raises connotations of drug abuse^ These 
drawbacks have been one of the principal reason^user*s have 
abandoned medical regimens requiring the use of syringes in 
social settings. 

10 As an alternative, pen-type injectors have been developed. 

The pen-type injectors often use prepackaged insulin. However, 
these devices have been inherently inaccurate and undependable 
due to their difficult to read scales and inadequately designed 
mechanical injection systems. For example, typical pen-injectors 

15 require multiple and repeated activations of the injector 
mechanism to administer a desired dosage. Thus, during 
administration of an injection, the user must keep track of the 
nvimber of activations (i.e., depressions) to determine when the 
required dosage has been delivered. 

20 Another disadvantage to pen-type injectors is that typical 

disposable needles used on pen-type injectors cause bleeding 
during the administration of an injection. This results from the 
disposable needle spreading the opening in the skin at the 
injection site, thereby allowing the skin to bleed. This 

25 bleeding from traditional disposable needles can discourage users 
from following the medical regimen, and the bleeding also 
increases the likelihood of spreading infectious diseases. 

Often a user who takes certain medications, such as insulin, 
in a home therapy regimen must also monitor the level of glucose 

30 present in the blood at periodic intervals. The ^^1t^e^]^^^re 
used to determine when to take another injection/^or to determine 
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how the user is responding to prior injections. Typically, the 
blood monitor is a separate device that the user must carry along 
with the insulin injector or syringe. To use the blood monitor 
the user must lance a portion of the body (i.e., typically a 
finger) and take a sample that is analyzed by the monitor. The 
user then manually records the results, the time and the date in 
a separate log book. 

SUMMARY OF THE DISCLOSURE 

According to embodiments of the present invention, a medical 
injection device, such as a pen-type injector or the like, has a 
processor coupled to the injector that records the date, the 
time, and the amount of each injection. The processor may also 
be coupled to a display to indicate the amount of medication to 
be injected. 

In particular embodiments, a medical injection device 
includes an injection mechanism that has an actuator for setting 
the dosage and administering an injection of a medication 
contained within the injection device. The injection device also 
has a processor coupled to the actuator of the injection 
mechanism to determine a value equal to the dosage set by the 
actuator of the injection mechanism, and a memory device coupled 
to the processor to store the value determined by the processor. 
In further embodiments, the injection device also has a 
receptacle capable of holding the medication and the injection 
mechanism further includes a drive mechanism coupled between the 
actuator and the receptacle to inject the set dosage of the 
medication. In other embodiments, the injection device also 
includes a display device to display the value equal to the 
dosage determined by the processor and a clock circuit for 
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determining the time. In preferred embodiments, the injection 
device includes a data port for transferring information to and 
from the processor and memory device to an external device. 
In particular embodiments of the present invention, a 
5 medical device includes a pen-type injector that is also coupled 
with a blood characteristic monitor to analyze characteristics of 
the blood. This provides a single, all-in-one device that 
performs a variety of functions, and requires only minimal space. 
In particular embodiments, a medical device includes a 

10 medication injector for injecting a dosage of a medication, a 

blood characteristic monitor for analyzing a blood sample, and a 
processor coupled to the medication injector and the blood 
characteristic monitor. The processor determines a value ecjual 
to the dosage of the medication to be injected by the medication 

15 injector. The processor also determines blood characteristics 

from a blood sample analyzed by the blood characteristic monitor. 

In further embodiments, the medical device also includes a 
memory device coupled to the processor to store the value equal 
to the dosage and the blood characteristics determined by the 

20 processor. In preferred embodiments, the medical device includes 
a data port for transferring information to and from the 
processor and memory device to an external device and a clock 
circuit for tracking the time. 

According to another embodiment of the invention, a pen-type 

25 injector utilizes a disposable needle that substantially 

eliminates or reduces bleeding from an opening in the skin at the 
injection site. Also in other embodiments, the pen-type injector 
uses a direct drive mechanism for injecting the medication with a 
single depression of an actuator knob. Moreover, the actuator 

30 knob is rotatable to adjust the amount of medication that is 
injected. 
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In particular embodiinents, a disposable needle for a pen- 
type injector has a base adapted to be coupled to a pen-type 
injector, an injection needle having a injection end and a 
connecting end, and a hollow cylindrical cover having an open end 
5 and an opposite connecting end. Both the connecting end of the 
injection needle and the opposite connecting end of the hollow 
cylindrical cover are coupled to the base such that the injection 
needle is disposed in the center of the open end of the hollow 
cylindrical cover with the connecting end of the injection needle 

10 inside the hollow cylindrical cover below the open end of the 
hollow cylindrical cover. Moreover, the injection end of the 
injection needle extends beyond the open end of the hollow 
cylindrical cover. 

According to a further embodiment of the present invention, 

15 a watch monitor includes a blood characteristic monitor and a 

clock that performs as a wrist watch. The watch monitor utilizes 
a high quality blood analysis device that can record detailed 
information on blood analysis results and injections. Moreover, 
the device can be worn easy and unobtrusively on a wrist so that 

20 typical time and alarm functions are combined with the blood 

characteristic monitor to coordinate the blood testing regimen 
and reduce the nximber of items a user must carry. Thus, a user 
has improved detailed record keeping, regimen alarms and 
reminders, blood characteristic analysis capabilities, and time 

25 keeping functions in a single, all-in-one device. 

In particular embodiments of the present invention, a 
portable blood monitor includes a housing of suitable size and 
configuration to be worn on a wrist, a clock contained in the 
housing for measuring time, and a blood characteristic monitor 

30 contained in the housing for analyzing a blood sample. The 

portable blood monitor also includes a processor coupled to the 
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blood characteristic monitor and the clock. The processor 
determines blood characteristics based on the analyzed blood 
sample from the blood characteristic monitor, and the processor 
uses the measure of the time from the clock to identify when the 
blood characteristics were determined. In further embodiments, 
the portable blood monitor also includes a memory storage device 
coupled to the processor for storing the measure of time from the 
clock and the blood characteristics determined by the processor, 
and a display device to display the measure of the time from the 
clock and the blood level characteristics determined by the 
processor. In preferred embodiments, the portable blood monitor 
includes a data port for transferring information to and from the 
processor and memory device to an external device and the data 
port may utilize infrared communication technology to transfer 
the information. 

Other features and advantages of the invention will become 
apparent from the following detailed description, taken in 
conjunction with the accompanying drawings which illustrate, by 
way of example, various features of embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed description of embodiments of the invention will 
be made with reference to the accompanying drawings, wherein like 
numerals designate corresponding parts in the several figures. 

Fig. 1 is a perspective view of a pen-type injector in 
accordance with an embodiment of the present invention. 

Fig. 2 is a front perspective view of the embodiment of the 
pen-type injector shown in Fig.l. 

Fig. 3 is a partial cross-sectional and exploded side view 
of the pen-type injector shown in Fig. 2. 
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Fig. 4 is a simplified flow block diagram for the pen-type 
injector as shown in Fig. 1. 

Fig. 5 is a cross-sectional view of the pen-type injector 
embodiment as shown along the line 5-5 in Fig. 2. 
5 Fig. 6. is another cross-sectional view of the pen-type 

injector shown in Fig. 5, with the actuator in the released 
position. 

Fig. 7-12 show various perspective views of a drive 
mechanism in accordance with an embodiment of the present 
10 invention. 

Fig. 13 is a cross-sectional view of the pen-type injector 
as shown along the line 13-13 in Fig. 6. 

Fig. 14 is a perspective view of a pen-type injector that 
includes a blood characteristic monitor in accordance with an 
15 embodiment of the present invention. 

Fig. 15 is a simplified flow block diagram for the pen-type 
injector, with a^blood characteristic monitor as shown in Fig. 14. 

^ Fxg. yi 6 IS - a circuit schematic for the pen-type injector 
with a blood characteristic monitor shown in Figs. 14 and 15. 
20 Fig. 17 shows a top view of another pen-type injector with a 

blood characteristic monitor in accordance with an embodiment of 
the present invention. 

Fig. 18 is a cross-sectional view of the pen-type injector 
with a blood characteristic monitor as shown along the line 18-18 
25 in Fig. 17. 

Fig. 19 is a perspective view of a disposable needle in 
accordance with an embodiment of the present invention. 

Fig. 20 is an end view of the disposable needle as shown in 
Fig. 19. 

30 Fig. 21 is a cross-sectional view of the disposable needle 

as shown along the line 21-21 in Fig. 20. 
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Fig. 22 is a front plan view of a blood characteristic 
monitor in accordance with an embodiment of the present 
invention. 

Fig. 23 is a simplified flow block diagram in accordance 
with the embodiment shown in Fig. 22. %ipZd^ yi£^furtt^ 



Figs. 24(a) - 24(d) are diagrams of^^^ar-#jT>ica±--repo^it 
obtained from the embodiment shown in Figs. 22 and 23. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in the drawings for purposes of illustration, the 
invention is embodied in a pen- type injector utilizing a 
microprocessor. In particular embodiments of the present 
invention, the pen-type injector further includes a blood 
characteristic monitor to measure characteristics of a blood 
sample. In further embodiments, the pen-type injector uses a 
direct drive injection mechanism, and may include a disposable 
needle which substantially eliminates or reduces bleeding caused 
from administration of an injection. In other embodiments, a 
blood characteristic monitor is contained within a wrist watch 
sized device that combines blood characteristic monitoring, time 
keeping and information recording in a single, all-in-one device 
that is worn on a user's wrist. 

In preferred embodiments of the present invention, the pen- 
type injector is used to inject insulin, and the blood ci£u^c^ 

characteristic monitor is used to determine the amount of . i - noulin 

A 

present in a blood sample. However, it will be ri^^^nized that 
further embodiments of the invention may be used/^other types of 
medication or other injectable substances, such as vitamins, 
growth hormones or the like. Moreover, embodiments of the 
present invention may be used with other types of injectors that 
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are not pen shaped, such as jet injectors and the like. 
Furthermore, in other embodiments, the blood characteristic 
monitor may be used to monitor other characteristics, such as 
hormone levels, cholesterol levels or the like. 
5 Embodiments of the present invention combine pen-type 

injectors with a microprocessor to accurately set and determine 
the dosage of a medication that is injected into the user. 
Moreover, the microprocessor serves to record important 
information concerning the injection, such as the date, the time 

10 and the amount of medication injected. This information is 

displayed on an LCD display, or the like, for easy review by the 
user or doctor. This allows the user to carry one self-contained 
injection device that does not require carrying a separate 
medication vial and syringes, since the vial is contained within 

15 the injector. Moreover, the user does not have to carry a 

separate log book to record relevant and required information 
concerning the injection, since this information is automatically 
recorded by the microprocessor for later recall. 

A preferred embodiment of the pen-type injector has a direct 

20 drive injection mechanism for accurate dosing and ease of use. 

The drive utilizes a rotatable dosage knob provided at one end of 
the pen-type injector. The dosage knob allows the user to 
accurately adjust the amount of medication or insulin that will 
be injected by the pen-type injector, since rotating the dosage 

25 knob limits the distance that the dosage knob can be depressed. 

Accuracies of 0.001 to 0.01 ccs (0.1 to 1.0 units) can be readily 
achieved. To inject a dose of medication, the user inserts the 
needle under the skin and depresses the dosage once^'astar as it 
will depress. 

30 In preferred embodiments, the pen-type injector is also 

combined with a blood characteristic monitor that determines the 
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level of medication in a blood sample. The blood characteristic 
monitor uses the microprocessor in the pen-type injector 
(although a separate microprocessor could be used) to process the 
blood sample results and to store relevant information about the 
5 results. Thus, a single, all-in-one device provides medication 
injection, blood characteristic monitoring, and record keeping. 
Therefore, a user is only required to carry a single device, and 
is not required to carry a large number and variety of items to 
comply with their medical regimen. For example, a separate 

10 medication vial, a separate medication injector, a separate blood 
characteristic monitor and a separate log book are not needed. 

In other embodiments, the pen-type injector utilizes a 
disposable needle that minimizes or substantially eliminates the 
bleeding that may occur from administering an injection. The 

15 disposable needle includes a protective, hollow cylindrical cover 
that prevents the user from pushing the needle too deeply into 
the skin. Moreover, the hollow cylindrical cover tends to press 
the skin together during the administration of an injection to 
restrict and substantially eliminate bleeding during the 

20 injection. 

In another preferred embodiment of the present invention, a 
portable blood monitor combines a blood characteristic monitor 
with a wrist watch. The blood characteristic monitor is coupled 
to a microprocessor to analyze blood samples and record relevant 

25 data for later recall. The wrist watch performs time keeping 

functions and provides alarms to notify the user when to monitor 
blood characteristics and when to administer injections. In 
particular embodiments, the portable blood monitor has a 
plurality of keys that allow the user to input additional 

30 information concerning injections and special events. In other 

embodiments, the portable blood monitor includes a data input and 
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output port to provide the capability of progr aiming the portable 
blood monitor through an external computer, such as a PC, laptop 
or the like, and to provide for the capability to download the 
stored information to an external computer for detailed review 
5 and analysis by the user or doctor. 

Figs. 1-3 show a pen-type injector 10 with a microprocessor 
32 in accordance with an embodiment of the present invention. 
The pen-type injector 10 includes a rotatable actuator dosage 
knob 12, an injection housing 14, and a medication cartridge 
10 housing 16 having a view window 18. The actuator knob 12 is 
coupled to one end of the injection housing 14, and is also 
operatively coupled to an injection mechanism 20 (see Fig. 3) 
that is contained within the injection housing 14. The 
medication cartridge housing 16 is sized to hold a medication 
15 cartridge 22 (see Fig. 3) and is coupled to the other end of the 
injection housing 14 so that the injection mechanism 20 is 
operatively coupled to the medication cartridge 22. In preferred 
embodiments, the medication cartridge housing 16 is coupled to 
the injection mechanism housing 14 by threads, and the medication 
20 cartridge 22 is connected to the medication cartridge housing 16 
by threads, a friction fit or the like. In particular 
embodiments, the medication cartridge 22 contains 1.5 ccs (150 
units) ; however, medication cartridges containing more or less 
medication may be used. In preferred einbodiments. the medication 
cartridge 22 is a Novolin® cartridge b^JNo v ophnrm, Inc. "oram 
insulin cartridge by Eli Lilly, Inc. 

The view window 18 of the medication cartridge housing 16 
allows the user to view the interior contents of the medication 
cartridge 22. Thus, a user can visually determine when a 
30 medication cartridge 22 needs to be replaced with a refill 

medication cartridge 22, or the user can visually determine the 
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type of medication that is currently contained in the medication 
cartridge housing 16. 

Coupled to the other end of the medication cartridge housing 
16 is a needle base 24 for holding a protective needle cover 26 
5 and a disposable needle 28. The needle cover 26 and the 

disposable needle 28 are detachably coupled to the needle base 24 
by threads, friction or the like. The protective needle cover 26 
prevents needle pricks until an injection is to be administered. 
The use of a disposable needle 28 reduces the chances of 

10 spreading infections and allows the pen-type injector to be used 
multiple times. In preferred embodiments, the disposable needle 
28 also includes a protective needle sheath 30 to further reduce 
the likelihood of unintended needle pricks. In particular 
embodiments, the pen-type injector uses a 27 gauge disposable 

15 needle 28; however, other gauges may be used. 

Also attached to the injection mechanism housing 14 is a 
microprocessor 32, a display 34 and a clip 36. The 
microprocessor 32 accurately determines the dosage of the 
medication to be injected based upon the rotations of the 

20 actuator knob 12 by the user. The microprocessor 32 provides the 
dosage information to the display 34 to inform the user of the 
amount of medication that will be injected. In particular 
embodiments, the display 34 may include a set of user actuatable 
buttons to set various parameters in the microprocessor, such as 

25 the time, the date or the like. The clip 36 attached to the 

injection mechanism housing 14 provides the capability for the 
pen-type injector 10 to be carried around like a traditional ball 
point pen. For example, the pen-type injector 10 can be carried 
unobtrusively in a shirt pocket or on a clip board. 

30 As shown in Fig. 3, the injection mechanism housing 14 also 

includes a start button 38. The start button 38 releases the 
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actuator knob 12 from the position shown in Figs. 1-2 to the 
released position shown in Fig. 3. The start button 38 locks the 
actuator knob 12 in the depressed position to prevent accidental 
discharges of the medication until an injection is to be 
5 administered. The start button 38 also activates the 

microprocessor 32 only when the microprocessor 32 is needed, and 
this reduces the overall power consumption characteristics of the 
device . 

In preferred embodiments, the actuator knob 12, the 
10 injection housing 14, the medication cartridge housing 16, the 
needle base 24, the protective needle cover 26, and the start 
button 38 are formed from a plastic material. However, in 
alternative embodiments, some or all of these parts may be formed 
from metals, ceramics or other suitable materials. In preferred 
15 eiabodiments , the view window 18 is formed from plastic; however, 
glass may be used in alternative embodiments. In preferred 
embodiments, the display 34 is an LCD display; however, in other 
embodiments, the display may use fluorescent elements, LEDs or 
the like. 

20 Fig. 4 illustrates a simplified flow block diagram of the 

pen- type injector 10 shown in Figs. 1-3. The actuator dosage 
knob 12 is rotated to adjust the injection mechanism 20 and set 
the dosage of the medication to be injected by the disposable 
needle 28. In preferred embodiments, the actuator knob 12 can be 

25 rotated in two directions to both increase or decrease the dosage 
level. The actuator knob 12 is coupled to a counter 40 that 
keeps track of the incremental rotations of the actuator knob 12 
and injection mechanism 20. In particular embodiments, the 
counter 40 is an electronic counter, and in preferred embodiments 

30 the electronic counter is bi-directional and can increment and 
decrement the dosage level. The counter 40 is coupled to the 
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microprocessor 32 to provide the current count in the counter 40 
to the microprocessor 32. The current count from the counter 40 
is converted into a value equal to the dosage of the medication 
that will be administered by an injection. The actuator knob 12 
5 is also coupled directly to the microprocessor 32 to activate the 
microprocessor 32. Thus, when the start button 38 releases the 
actuator knob 12, the microprocessor 32 is prepared to store 
relevant information concerning the injection. For instance, the 
microprocessor 32 will store, the time, the date and the amount 

10 of medication injected by the user. 

The microprocessor 32 is coupled to a ROM 42 and a RAM 44. 
In preferred embodiments, the ROM 42 is an EPROM and the RAM 44 
is a static RAM; however, other comparable memory storage 
components may be used. The ROM 42 stores the programs used by 

15 the microprocessor 32 to determine various parameters, such as 

the amount of medication to be injected based upon the count from 
the counter, the date and the time, and how to report information 
to the user. The RAM 44 is used by the microprocessor 32 to 
store information about the injection for later recall by the 

20 user or the doctor. For example, a user or doctor can transcribe 
the stored information at a later time to determine compliance 
with the medical regimen. This is accomplished by downloading 
the information to the display 34 and then transcribing all of 
the stored records at one time as they appear on the display 34. 

25 In preferred embodiments, the microprocessor 32 is coupled 

to a data input and output (I/O) port 46, and the user can 
download the stored information to an external computer (not 
shown) through the data I/O port 46. The data I/O port 46 is 
capable of transferring data in both directions so that updated 

30 program instructions or reminder alarms can be set by the user or 
doctor . 
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Also coupled to the microprocessor 32 is a mode and clock 
setting panel 48 that provides the user with the capability to 
store additional information, set the date and the time, or set 
alarms to indicate when to take the next injection. The panel 48 
5 is used in conjunction with the display 34 to access the various 
modes and alarms utilizing methods typically employed to set the 
time on an LCD watch or the like. 

The pen-type injector 10 also includes a self contained 
battery and power converter 50. The battery is a small watch 

10 type battery, or in preferred embodiments, the battery is a 

lithium battery capable of providing power for up to 5 years. 

Operation of the embodiment shown in Figs. 1-4 is relatively 
simple. The user prepares the pen-type injector 10 by depressing 
the start button 38 to activate the microprocessor 32. If a new 

15 medication cartridge 22 is required, the user unscrews the 

medication cartridge housing 16 from the injection mechanism 
housing 14, and couples a pre-filled medication cartridge 22 to 
the injection mechanism 20 and the injection mechanism housing 
14. Once the medication cartridge 22 is attached, the user 

20 rescrews the medication cartridge housing 16 onto the injection 
mechanism housing 14. Next, the user removes the protective 
needle cover 26, and attaches a disposable needle 28 to the 
needle base 24. The user then holds the pen-type injector 10 
with the disposable needle 28 pointing upward and rotates the 

25 actuator knob 12 to set a small amount of medication (typically 
2-4 units) . The user then depresses the actuator knob 12 to 
eliminate the small amount of medication and remove the air from 
the disposable needle 28. Depression of the actuator knob 12 
also turns off the microprocessor 32 and prevents accidental 

30 discharge of the medication until an injection is to be 

administered. Finally, the user reattaches the protective needle 
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cover 26 to prevent inadvertent needle pricks or damage to the 
disposable needle 28. 

To give an injection with the pen-type injector 10, the user 
removes the protective needle cover 26 and, if present, the 
5 protective needle sheath 30. The actuator knob 12 is released 
and the microprocessor 32 is activated by depressing the start 
button 38. In preferred embodiments,, when activated, the 
microprocessor 32 displays the time and the amount of the last 
injection on the display 34 in an alternating sequence for 5 
10 seconds (although longer or shorter periods may be used) to 

remind the user of the last injection event. This substantially 
reduces the chance of "double dosing" (i.e., taking too much 
medication) • After the reminder display, the pen-type injector 
10 automatically zeros itself so that the user can dial in and 
15 set the dosage by rotating the actuator knob 12 in one direction 
(typically clockwise) until the desired amount of the medication 
to be injected is displayed on the display 34. In particular 
embodiments, the display 34 changes in real time, and in 
preferred embodiments, an audible click or beep is heard as the 
20 user rotates the actuator knob 12. Also in preferred 

embodiments, each click represents an incremental change in the 
dosage selected (i.e., 0.1, 0.25, 0.5 or 1.0 units). In bi- 
directional models, the user can increase or decrease the amount 
of medication to be injected. However, the microprocessor 32 
25 will not allow the user to set a dosage below zero ©reelect a 
dosage larger than the amount of medication remaining in the 
medication cartridge 22. 

After the dosage is selected, the user chooses an injection 
site, pushes the disposable needle 28 under the skin and 
30 depresses the actuator knob 12 down as far as it will go. The 
actuator knob 12 automatically locks in the depressed position 
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when the actuator is depressed completely and the injection is 
completed. When the actuator knob 12 is depressed, the 
microprocessor 32 stores the injection event in the RAM 44 by the 
date, the time and the amount of injected medication. When the 
. p a t -io n t returns home or after a certain number of injections have 
been administered, th^^atient can activate the microprocessor 32 
with the mode and clock setting panel 48 to review the recorded 
data as it is displayed on the display 34. The patient can 
transcribe this information in a separate log book if desired. 
When th^ pa ti en t visits the doctor, the doctor can download all 
the stored injection information into an external computer via 
the data I/O port 46. The doctor can then review the data to 
spot trends and determine compliance with the medical regimen. 
If required, the doctor can update the program instructions in 
the pen-type injector 10 via the data I/O port 46 to provide 
reminder alarms at various times. 

Figs. 5 and 6 show detailed cross-sectional views of a 
preferred embodiment of a direct drive injection mechanism 20 as 
shown along the line 5-5 in Fig. 2. Figs. 7-12 show various 
perspective views that detail the drive mechanism 20 shown in 
Figs. 5 and 6. Fig. 13 is a cross-sectional view of the drive 
mechanism 20 along the line 13-13 shown in Fig. 6. The drive 
mechanism 20 includes a dosage knob drive shaft 52, a tension 
spring 54, a lock nut 56, a display seat 58, an offset camshaft 
60, an electronics mount 62, a ratchet spring 64, a ratchet 
collar 66, a drive calibrator 68, a ratchet gear 70, a 
synchronizer spring 72, a stationary synchronizer 74, a threaded 
drive shaft 76, a plunger 78, an end cap 82, a medication 
cartridge tensioner and synchronizer 82, and a medication 
cartridge plunger 84 that are coupled as shown in Figs. 5-12. 

The dosage knob drive shaft 52 of the actuator knob 12 is 
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coupled to the threaded drive shaft 76 by a threaded lock nut 56 
to secure the actuator knob 12 to the drive shaft 76. The start 
button 38 is also coupled to the actuator knob 12 by the dosage 
knob drive shaft 52 to maintain the actuator knob 12 in a 
5 depressed position when the pen-type injector 10 is not being 
used, and to release the actuator knob 12 and activate the 
microprocessor 32 when the pen-type injector 10 is to be used for 
an injection. Contained within the actuator knob 12 is a tension 
spring 54 which is securely attached to the interior of the 

10 actuator knob 12. The purpose of the tension spring 54 is to 

apply pressure to the drive shaft 76 to maintain the drive shaft 
in a fixed position after each injection and to facilitate 
movement of the threaded drive shaft 76 toward the medication 
cartridge 22 during an injection. 

15 The dosage knob drive shaft 52 has splines 96 which, when 

the actuator knob 12 is in the depressed position, are locked in 
corresponding spline slots 98 of the injection mechanism housing 
14 to prevent the actuator knob, the dosage knob drive shaft 52 
and the threaded drive shaft 76 from being rotated. When the 

20 actuator knob 12 is released by the start button 38, the actuator 
knob 12 and the dosage drive shaft 52 move in a direction away 
from the medication cartridge 22^ any ^ fee splines 96 slide clear 
of the spline slots 98 so that the actuator knob 12, the dosage 
knob drive shaft 52 and the threaded drive shaft 76 can be 

25 rotated as a single unit to adjust the dosage of medication that 
will be injected by the pen-type injector 10. 

The splines 96 of the dosage drive shaft 52 are also coupled 
to spline slots 100 of the offset camshaft 60 which is coupled to 
the counter 40 mounted on the electronics mount 62. The offset 

30 camshaft 60 has cam lobes 102 that are in operative contact with 
the counter 40. When the actuator knob 12 is rotated, the dosage 
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knob drive shaft 52 rotates the offset camshaft 60 and the cam 
lobes 102 to increment the counter by one count per each 
predetermined angle of rotation of the actuator knob 12, the 
dosage knob drive shaft 52, the threaded drive shaft 76 and the 
5 offset camshaft 60. In preferred embodiments, the predetermined 
angle of rotation is 90® (although larger or smaller angles may 
be used) • 

The display seat 58 is adapted to hold the display 34 and 
the microprocessor 32. The microprocessor 32 is coupled to the 
10 counter 40 that is mounted on the electronics mount 62 to 

determine the dosage of medication to be injected based upon the 
value in the counter 40. The display seat 58 may also be used to 
hold the clip 3 6 to allow the pen-type injector 10 to be carried 
like a pen. 

15 The ratchet spring 64 is permanently attached to the 

interior of the injection mechanism housing 14. The ratchet 
spring 64 applies pressure to the ratchet collar 66 which in turn 
applies pressure to the ratchet gear 70. The ratchet gear 70 has 
teeth 104 that mate correspondingly with teeth 106 on the 

20 stationary synchronizer 74. The synchronizer spring 72 applies a 
counter pressure on the stationary synchronizer 74 to maintain 
the ratchet gear 70 and the stationary synchronizer 74 in contact 
with each other. Thus, when the actuator knob 12 is rotated, a 
ratchet noise is produced as the ratchet gear 70 is rotated 

25 relative to the stationary synchronizer 74. Removal of the 
medication cartridge 22 reduces the pressure on synchronizer 
spring 72 so that the corresponding teeth 104 and 106 of the 
ratchet gear 70 and the stationary synchronizer 74 are 
disengaged. When the teeth 104 and 106 are disengaged, the 

30 actuator knob 12 can be rotated easily with minimal resistance, 
and the threaded drive shaft 76 can be withdrawn without 
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resistance from the ratchet gear 70. 

The stationary synchronizer 74 also has splines 92 which are 
coupled to corresponding spline slots 94 in the injection 
mechanism housing 14 to prevent the stationary synchronizer 74 
from rotating. However, the splines 92 are slidably coupled to 
the spline slots 94 so that the stationary synchronizer can slide 
back and forth within the injection mechanism housing 14. This 
allows the medication cartridge 22 to increase the tension of the 
synchronizer spring 72 when the medication cartridge 22 is 
seated, and this increased tension causes the teeth 104 and 106 
to engage. 

The drive calibrator 68 is threaded onto the threaded drive 
shaft 76 to determine the minimum and maximxim positions in which 
the threaded drive shaft 76 can be moved to inject medication 
from the medication cartridge 22. The drive calibrator 68 also 
performs as a rotational reference point to keep track of the 
incremental movement of the threaded drive shaft 76 so that the 
dosage of medication injected by the pen-type injector can be 
accurately determined. An end of the drive calibrator 68 has 
splines 88 that engage corresponding spline slots 90 in the end 
cap 80 to hold the drive calibrator 68 in a rotationally fixed 
position. The other side of the end cap 80 is coupled to the 
medication cartridge tensioner and synchronizer 82 which is used 
to secure a medication cartridge 22 to the injection housing 14. 
The threaded drive shaft 76 is coupled to the medication 
cartridge plunger 84 to inject medication in the medication 
cartridge 22 when the actuator knob 12 is depressed . 

The illustrated direct drive mechanisin^ pro^s^xoHo fo^ ei single 
complete depression of the actuator knob 12 to inject different 
set amounts of medication. The illustrated direct drive allows 
the user to accurately set various dosage values to be injected. 
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The drive mechanism 20 is capable of providing dosage accuracies 
of between 0.1 to 1.0 unit increments. However, other dosage 
increments may be used. Moreover, in alternative embodiments, 
other suitable drive mechanisms can be used by the pen-type 
5 injector such as those disclosed in U.S. Patent No. 5,114,406 

issued May 19, 1992; U.S. Patent No. 5,226, 895 issued July 13, 
1993; and U.S. Patent No. 5,279,585 issued January 18, 1994. 

A pen- type injector 200 in accordance with an embodiment of 
the present invention is shown in Figs. 14 and 15. The pen-type 

10 injector includes a blood characteristic monitor 202, such as a 
glucose meter or the like, coupled to the injection mechanism 
housing 14. This pen-type injector 200, also includes a 
rotatable actuator knob 12, a medication cartridge housing 16 and 
a protective needle cover 26 such as those discussed above with 

15 respect to the pen-type injector 10. Instead of a window 18, the 
medication cartridge housing 16 is transparent to allow easy 
viewing of the medication cartridge 22. Moreover, the clip 36 
is located on the protective needle cover 26 rather than the 
injection mechanism housing 14. The pen-type injector 200 also 

20 uses a microprocessor 32 and a display 34. However, in preferred 
embodiments the display is larger than in the previous embodiment 
to display more information, and both the display and the 
microprocessor 32 are coupled to the blood characteristic monitor 
202. The pen-type injector 200 with the blood characteristic 

25 monitor 202 allows the user to use a single, all-in-one device 
that keeps records, injects medication, and determines 
characteristics of a blood sample. 

Fig. 15 is a simplified block diagram of the pen-type 
injector 200 with a blood characteristic monitor 202. The 

30 operation of the injection mechanisms and the related components 
is the same as described above in the previous embodiment. In 
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the pen-type injector 202 the ROM 42 now stores additional 
programs to operate and control the blood characteristic monitor 
202. Moreover, the RAM 44 also stores results obtained from the 
blood characteristic monitor 202. As shown in Fig. 14, a test 
strip 204 for holding a blood sample is inserted into the test 
strip interface 206. This activates the blood characteristic 
monitor 202 and the microprocessor 32. The blood characteristic 
monitor 202 analyzes the blood characteristics and sends the 
analysis results to the microprocessor 32, which displays the 
results on the display 34 and stores the results in the RAM 44 
for later review. 

In particular embodiments, the blood characteristic monitor 
202 tests for the level of glucose in the blood. Preferably, the 
blood characteristic monitor 202 uses electro-chemical sensor 
technology (i.e., the blood sample reacts with a chemical upon 
the application of an electrical current) . The blood 
characteristic monitor 202 is periodically calibrated by a 
reusable code strip. To perform the analysis, the blood 
characteristic monitor utilizes^ disposable (one time use) test 
strip 204. The test stri^ie4^ utilizes capillary action at the 
end of the test strip to draw in a small amount of blood 
(typically 3 micro-liters) into a reaction chamber (not shown) in 
the test strip interface 206 of the blood characteristic monitor 
202. When sufficient blood has bee drawn into the reaction 
chamber, the test sequence begins and a blood glucose reading is 
displayed on the display 34 in approximately 60 seconds from the 
start of the testing sequence. In preferred embodiments, the 
blood characteristic monitor 202 provides blood glucose level 
results from 40-500 mg/dl (2.2-27.8 mmol/L) ; however, other 
ranges may be used. 

Operation of the blood characteristic monitor 202 is 
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relatively simple. The operator fully inserts a test strip 204 
into the test strip interface 206. This turns on the 
microprocessor 32 and the blood characteristic monitor 202. In 
preferred embodiments, the blood analysis mode is activated and 
the microprocessor 32 causes the display 34 to display the 
previous test result and the time of the last test event. The 
previous time and results are alternately flashed for 5 seconds 
(although longer or shorter times can be used) . The user then 
places a blood sample (usually from a finger) on the end of the 
inserted test strip 204, and the capillary action in the test 
strip 204 draws the sample into the reaction chamber of the test 
strip interface 206. In preferred embodiments, the blood 
characteristic monitor 202 beeps, or provides an- some other 
audible indication, when a sufficient sample has been drawn into 
the reaction chamber. After the beep, the test is conducted and 
is typically completed in about 60 seconds. Once the test is 
completed, the results are displayed on the display 34 and 
simultaneously stored by the microprocessor 32 in the RAM 44 for 
later recall. Removal of the test strip 204 automatically turns 
off the blood characteristic monitor 202 and the microprocessor 
32. If the user fails to remove the test strip 204, the 
microprocessor 32 sounds an alarm, and both the blood 
characteristic monitor 202 and the microprocessor 32 
automatically turn off after 1 minute (although other time 
periods may be used) . In alternative embodiments, other blood 
characteristic monitors may be used, such as a colormetric blood 
glucose meter, a dry membrane chemical reaction monitor or the 
like. Preferred embodiments of the present invention utilize 
blood characteristic monitors that use electro-chemical sensor 
techniques developed by Miles Laboratories, Inc. 
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of particular circuits used in the pen-type injector 200 with a 
blood characteristic monitor 202. 

Figs. 17 and^how an alternative embodiment of a pen-type 
injector 250 coupled with a blood characteristic monitor 202. 
The pen-type injecto]r,^a^- operates in a manner similar to the 
embodiments described-above with respect to Figs. 14-16. 
However, the test strip interface 206 is 90** offset with respect 
to the embodiment of Figs. 14-16, and the display 34 and the mode 
and clock setting panel 48 are arranged differently. Fig. 18 is 
a cross-sectional view of the pen-type injector 250 along the 
line 18-18 shown in Fig. 17. This view illustrates that the pen- 
type injector 250 can use the drive mechanism 20 described above 
with respect to the embodiments of Figs. 1-13. Moreover, Fig. 18 
illustrates the relative position of various internal components. 
For instance, the microprocessor 32, the battery 50, and a 
reaction chamber 252. 

Figs. 19-21 show a preferred embodiment of a disposable 
needle 280 that substantially eliminates or reduces bleeding upon 
injection. The disposable needle 280 includes a threaded base 
282, a needle support 284, a needle portion 286, and a hollow 
cylindrical cover 288. The threaded needle base 282 is adapted 
to be coupled to a pen-type injector as described above. 
However, in alternative embodiments, the needle base 282 may be 
attached by means of friction or the like, or the disposable 
needle 280 may be used with injectors other than pen-type 
injectors. A needle support 284 is coupled to the needle base 
282 to hold the needle portion 286. Also coupled to the needle 
support 284 and the needle base 282 is the hollow cylindrical 
cover 288. The needle portion 286 is disposed inside the hollow 
cylindrical cover 288 such that the end of the needle portion 286 
coupled to the needle support 284 cannot contact the skin during 
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an injection. This prevents the needle support 284 from 
spreading the skin at the injection site. Spreading of the skin 
often results in bleeding. The needle portion 286 extends a 
sufficient distance beyond the hollow cylindrical cover 288 to 
5 allow for the proper administration of an injection. The hollow 
cylindrical cover helps the user insert the disposable needle 280 
to the proper depth beneath the skin for an accurate injection. 
Moreover, the hollow cylindrical cover 288 tends to press the 
skin at the injection site together and this substantially 

10 eliminates or reduces bleeding at the injection site. The hollow 
cylindrical cover 288 also makes it easier for the user to attach 
and remove the disposable needle 280, and decrease the 
probability of being pricked during attachment and removal of the 
disposable needle 280. 

15 Fig. 22 shows a blood characteristic monitor watch 300 in 

accordance with an embodiment of the present invention. The 
monitor watch 300 includes a blood characteristic monitor 302 and 
a wrist watch 304. The blood characteristic monitor 302 is 
contained with the housing of the wrist watch 304 to provide a 

20 portable self-contained blood testing device that is convenient 
to use and can record detailed blood sample results, as well as 
injection administration information. This provides detailed 
reporting that a doctor can use to determine compliance with a 
prescribed medical regimen. 

25 The wrist watch 304 resembles a conventional LCD watch, in 

size and shape, and includes a watch setting key pad 306, a 
display 308, and a function and power/data key pad 310 for 
controlling the blood characteristic monitor 302. Inside the 
wrist watch 304 is a microprocessor 314 (see Fig. 23) that 

30 couples the key pads 306 and 310 to the blood characteristic 

monitor 302 and the display 308. The wrist watch 304 is secured 
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to the user's wrist by a pair of watch straps 312. 

The blood characteristic monitor 302 includes a test strip 
interface 316 for receiving and analyzing a test strip 318. The 
blood characteristic monitor is activated by either insertion of 
5 a test strip 318 or the power /data key pad 310. The blood 

characteristic monitor 302 operates in a manner similar to that 
described above with respect to the embodiments of Figs. 14-18. 
The results of the blood analysis are stored by the 
microprocessor 314 and may be recalled for later review on the 

10 display 308. In particular embodiments, the watch monitor 300 
also includes a data input and output (I/O) port 320 which is 
activated and controlled by the microprocessor 314 and the 
power/data key pad 310 to upload program instructions and 
download information stored in a RAM 324 of the watch monitor 

15 300. In preferred embodiments, the data I/O port 320 uses 

infrared (IR) technology; however, other data port technologies, 
such as cables or the like, may be used. 

Fig. 23 is a simplified block diagram of the watch monitor 
300 with a blood characteristic monitor 302. A test strip 318 is 

20 fully inserted into the test strip interface 316 to activate the 
blood characteristic monitor 302. The blood characteristic 
monitor 302 analyzes the blood characteristics of the sample and 
sends the analysis results to the microprocessor 314, which 
displays the results on the display 308. 

25 The microprocessor 314 is coupled to a ROM 322 and a RAM 

324. In preferred embodiments, the ROM 322 is an EPROM and the 
RAM 324 is a static RAM; however, other comparable memory storage 
components may be used. The ROM 322 stores the programs used by 
the microprocessor 314 to determine various parameters, such as 

30 the correlation of results and the deviation from preset limits 
in a medical regimen, the date and the time, and how to report 
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information to the user. The RAM 324 is used by the 
microprocessor 314 to store information about the blood analysis, 
as well as injections, for later recall by the user or the 
doctor. The microprocessor 314 also retrieves information from 
the RAM 324 so that a user or doctor can transcribe the stored 
information at a later time to determine compliance with the 
medical regimen and to spot trends requiring corrective action. 

In preferred embodiments, the RAM 324 has a memory capacity 
for over 100 blood characteristic tests, 100 injection 
administration events, and memory to keep track of medication 
scheduling and special events. The microprocessor 314 is 
programmed to determine trends by comparing dosages administered 
by injections with the blood analysis results. These trends can 
be used by the microprocessor 314 to automatically recommend 
minor changes in the dosages within pre-programmed boundaries set 
by the doctor, or the trend results can be used by the doctor to 
directly adjust the dosages boundaries and the programs utilized 
by the microprocessor 314. This provides the doctor with greater 
control and flexibility over the user's medical regimen. 

In preferred embodiments, the microprocessor 314 is coupled 
to a data input and output (I/O) port 320, and the user can 
download the stored information to an external computer (not 
shown) through the data I/O port 320. The data I/O port 320 is 
capable of transferring data in both directions so that updated 
program instructions or reminder alarms can be set by the user or 
doctor . 

A clock setting key pad 306 is also coupled to the 
microprocessor 314 to provide the user with the capability to 
store additional information, set the date and the time, or set 
alarms on an internal clock 326 to indicate when to perform 
another blood analysis or administer an injection. In 
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alternative embodiments, the microprocessor 314 may perform the 
internal clock functions without the necessity of a separate 
internal clock 326. The function key pad 310 also provide the 
capability to produce detailed reports and to interface with an 
5 external computer (not shown) . The key pads 306 and 310 are used 
in conjunction with the display 308 to access the various modes 
and alarms utilizing methods typically employed to set the time 
on an LCD watch or the like. In preferred embodiments, the 
internal clock 326 of the watch monitor 300 is capable of 
10 multiple daily alarms, 12/24 hour formatting, and scrolling 

through a time zone map for easier record keeping during time 
zone changes. 

The watch monitor 300 also includes a self contained battery 
and power converter 328. The battery is a small watch type 

15 battery, or in preferred embodiments, the battery is a lithium 
battery capable of providing power for up to 5 years. 

In preferred embodiments, the blood characteristic monitor 
302 analyses a blood sample to determine the level of glucose in 
the blood and the blood characteristic monitor 302 uses an 

20 electro-chemical sensor technology such as described above with 

respect to the embodiments of Figs 14-18. A disposable (one time 
use) test strip 318 uses capillary action at the end of the test 
strip 318 to draw in a small amount of blood (typically 3 micro- 
liters) into a reaction chamber (not shown) of the test strip 

25 interface 316. When sufficient blood has been drawn into the 

reaction chamber, the testing sequence begins and a blood glucose 
reading is displayed on the display 308 in approximately 60 
seconds from the start of the testing sequence. The blood 
characteristic monitor 302 provides blood glucose results from 

30 40-500 mg/dl (2.2-27.8 mmol/L) ; however, other ranges may be 
used. 
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The blood characteristic monitor 302 is operated in 
substantially the same manner as described above with respect to 
the embodiments of Figs. 14-18. The operator fully inserts the 
test strip 318 into the test strip interface 316 to turn on the 
5 blood characteristic monitor 302 and access the microprocessor 

314. The blood characteristic analysis mode is activated and the 
microprocessor 314 causes the display 308 to display the previous 
test result and the time of the last test event. The user then 
places a blood sample (usually from a finger) on the end of the 

10 inserted test strip 318 which draws the sample into the reaction 
chamber of the test strip interface 316. In preferred 
embodiments, the blood monitor 302 beeps, or provides some other 
audible indication, when a sufficient sample has been drawn into 
the reaction chamber. After the beep, the test is conducted and 

15 is typically completed in about 60 seconds. Once the test is 
completed, the results are displayed on the display 308 and 
simultaneously stored by the microprocessor 314 in the RAM 324 
for later recall. Removal of the test strip 318 automatically 
turns off the blood monitor 302 and returns the microprocessor 

20 314 and the watch monitor 300 to the watch mode. If the user 

fails to remove the test strip 318, the microprocessor 314 sounds 
an alarm, and the blood monitor 302 is automatically turned off 
after 1 minute (although other time periods may be used) . In 
alternative embodiments, other blood characteristic monitors may 

25 be used, such as a colormetric blood glucose meter, a dry 
membrane chemical reaction monitor or the like. Preferred 
embodiments utilize the above-described electro-chemical sensor 
technology in sensors produced by Miles Laboratories , Inc. 

Figs. 24 (a) -24(d) illustrate -ar typical^ g o^ !r t that can be 

30 obtained via the data I/O port 320 from the watch monitor 300. 

Fig. 24(a) shows a summary report of the blood analysis performed 
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by the blood characteristic monitor 302. The readings are broken 
down into at least four basic time frames: breakfast, lunch, 
diner and snack. In preferred embodiments, the time frames may 
be further broken down into pre and post time frames. The report 
5 lists the number of blood analysis readings in each time frame, 
the standard deviation and the average value for the analyzed 
blood samples. Fig. 24(b) shows a detailed report of all the 
individual blood analysis events. The report provides the date, 
the day, the time and the results for each analyzed blood sample. 

10 Thus, this portion of the report allows the doctor or user to 

spot anomalous readings. Fig. 24(c) shows a detailed report on 
injections that have been administered and recorded by the user. 
The report provides the date, the day and the time of the 
injection. The report also recites how much of each type of 

15 insulin (regular (R) or intermediate (L) ) was injected. This 
provides the doctor or user with information to compare blood 
analysis results with the amount of medication administered in 
the injection. Fig. 24(d) shows a detailed report on markers 
that are set and recorded by the user to indicate certain ^events 

20 or changes from the regular medical regimen. This^pi^G^^^^^he 
0 doctor or user with information that can aid in the understanding 

and correlating otherwise anomalous results. 

In preferred embodiments, test results can be deleted by 
pressing the delete button on the function key pad 310. This 

25 removes the results from the blood test average, for calibration 
^ or control test results^^to prevent skewing the actual analysis 

information. The marker key on the function keypad 310 gives the 
user the option to store important information along with results 
already stored in the RAM 324. This can aid the user in 

30 recalling specific events or types of events that establish a 
trend. The marks are inserted by pressing the mark key and 
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turning the blood characteristic monitor 302 off. Markers can be 
used to identify meal times, exercise times, injection events, or 
special circumstances and changes from the normal regimen. 

In alternative embodiments, the watch monitor 300 can be 
used with a pen-type injector 10 described in the embodiment 
discussed above with respect to Figs. 1-13. The data I/O port 
320 of the watch monitor 300 can be utilized to download the 
injection information stored in the RAM 44 of the pen-injector 
10. This simplifies the input of relevant injection data into 
the watch monitor 300. 

While the description above refers to particular embodiments 
of the present invention, it will be understood that many 
modifications may be made without departing from the spirit 
thereof. The accompanying claims are intended to cover such 
modifications as would fall within the true scope and spirit of 
the present invention. 

The presently disclosed embodiments are therefore to be 
considered in all respects as illustrative and not restrictive, 
the scope of the invention being indicated by the appended 
claims, rather than the foregoing description, and all changes 
which come within the meaning and range of equivalency of the 
claims are therefore intended to be embraced therein. 
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